1. Glycopeptides were isolated by gel filtration on Sephadex G-25 and Sephadex G-50 from a Pronase digest of porcine thyroglobulin. 2. Isolated glycopeptides were separated into five main fractions on a column of DEAE-Sephadex A-25. Of these fractions I to III were further purified by SE-Sephadex C-25 or DEAESephadex A-25 column chromatography. Several of the purified glycopeptides were homogeneous on paper electrophoresis. 3. Based on the chemical composition and molecular weight of the fractionated glycopeptides, two distinct types of heterosaccharide chain were demonstrated. 4. One type of the heterosaccharide unit consisted of four to eight residues of mannose and two residues of glucosamine and had a molecular weight of 1000-1700. The other type of unit contained sialic acid, fucose and galactose in addition to mannose and glucosamine and had a molecular weight of about 3600. 5. Mild alkaline treatment of the glycopeptide did not result in the destruction of threonine and serine. 2-Acetamido-1-N-(4-Laspartyl)-2-deoxy-B-D-glucopyranosylamine was isolated from partial acid hydrolysates.
Thyroglobulin, a major protein of the thyroid gland, is a glycoprotein and a precursor ofthyroxine. Incontrastwithliver, whichproduces severaiplasma glycoproteins, the thyroid gland synthesizes mainly one glycoprotein, thyroglobulin. Hence, thyroglobulin is a suitable material for a study of the biosynthesis (Spiro & Spiro, 1966 , 1968a and the physiological role of glycoproteins, and for these studies it is essential that the structure be fully understood.
Investigations on the carbohydrate composition of thyroglobulin and on the fractionation of glycopeptides from thyroglobulin have been reported from several laboratories (Murthy, Raghupathy & Chaikoff, 1965; Spiro, 1965; Rawitch, Liao & Pierce, 1968) . Spiro (1965 Spiro ( , 1968 showed that calf thyroglobulin contained two distinct types of carbohydrate units. However, fractionation of the glycopeptides was incomplete and information concerning the carbohydrate structure of the glycopeptides has not been presented. This paper describes the fractionation and characterization of glycopeptides with special reference to the carbohydrate structure. Several purified glycopeptides were found to be homogeneous on high-voltage paper electrophoresis and chemical studies on the carbohydrate and peptide have been carried out. The carbohydrate structure of one of the purified glycopeptides will be reported in the following paper.
MATERIALS AND METHODS Materials. Crude thyroglobulin from porcine thyroid was kindly given by Dr Y. Kondo and Dr N. Ui of the Endocrinological Institute, Gunma University, Japan.
Synthetic 2-acetamido-l-N-(4'-L-aspartyl)-2-deoXy-fi-Dglucopyranosylamine and a glycopeptide from orosomucoid (Yamauchi, Makino & Yamashina, 1968) were kindly given by Professor I. Yamashina of Kyoto University, Japan. Di-N-acetylneuraminyl lacto-N-tetraose and xylopentaose were given by Dr Kozeki and Dr Tsurumi of Fukushima Prefectural University, Japan, and Dr S. Fukui of Institute of Applied Microbiology, University of Tokyo, Japan, respectively. Porcine submaxillary mucin was prepared by the modified procedure of De Salegui & Plonska (1969) .
Preparation of glycopeptides. Thyroglobulin was purified by ammonium sulphate fractionation as described by Ui & Tarutani (1961) . The carbohydrate composition of purified thyroglobulin is shown in Table 1 . Porcine thyroglobulin (5g) was digested with Pronase P in 200 ml of 0.05M-sodium borate buffer, pH7.9, containing 1 mmCaCl2. Initially 100 mg of Pronase was added and further portions of 50mg of Pronase were added after 48 and 72h respectively. After incubation for a total period of 96h, the digest was freeze-dried, dissolved in water and centrifuged. The supernatant and washed solutions were combined and applied to a column (1.6cm x 90cm) of Sephadex G-25, which was eluted with water ( Fig. la) . Fractions (4 ml) were collected. The phenol-H2SO4 reaction-positive fractions were combined and were again digested with Pronase (initially 15mg of Pronase was added and after 24h 16mg was added) for 48h under the conditions described above. The digest was treated (Yamauchi et al. 1968) . thyroglobulin on Sephadex G-25. The procedures for Bound sialic acid was determined by the modified chromatography are described in the text. Neutral sugars resorcinol procedure (Cassidy, Jourdian & Roseman, 1965) and free amino groups were determined by phenol-H2SO4 with butan-l-ol instead of 3-methylbutan-1-ol for the reaction and ninhydrin reaction respectively. (b) Gel development of colour (Svennerholm, 1957) . Free sialic filtration of the second Pronasedigest of thyroglobulin on acid was determined by the thiobarbituric acid method Sephadex G-50. The procedures for chromatography are (Aminoff, 1961) . N-Acetylneuraminic acid was used as a described in the text. A 50p4 sample of each of fractions standard. The sialic acid fraction was isolated as described 10-20 or a 5 p sample of each of fractions 22-60 was used by Spiro (1966) . A standard sample of N-glycollyl.
for phenol-H2SO4 reaction and ninhydrin reaction. neuraminic acid was obtained from porcine submaxillary *, Phenol-H2SO4 reaction; 0, ninhydrin reaction. mucin (Hashimoto, Hashimoto & Pigman, 1964 (Cunningham & Simkin, 1966;  in a similar manner and subjected to gel filtration on a Bhatti & Clamp, 1968 Identification of the sialic acid was carried out by paper chromatography with the descending solvent system butan-l-ol-acetic acid-water (3:2:1, by vol.) (Spiro, 1960) . On the chromatogram, only two spots corresponding to the position ofN-acetylneuraminic acid and N-glycollylneuraminic acid were detected by thiobarbituric acid spray (Warren, 1960) .
The two sialic acids exhibit different molar extinction coefficients in thiobarbituric acid and resorcinol reactions (Warren, 1959) . The molar ratio ofthe two sialic acids can therefore be obtained by a combination of the two procedures. By this means the N-acetylneuraminic acid/N-glycollylneuraminic acid molar ratio was found to be 3: 2.
The chemical composition of the unfractionated glycopeptides is summarized in Table 2 .
The molar proportions of the neutral sugars, amino sugar and sialic acids was almost the same as that for the intact thyroglobulin.
Fractionation of glycopeptide. by DEAE-Sephadex
A-25 column chromatography. On paper electrophoresis, the unfractionated glycopeptides eluted from Sephadex G-50 revealed several distinguishable fractions. Attempts to fractionate the glycopeptides were therefore carried out.
The glycopeptides were fractionated into five fractions on DEAE-Sephadex A-25 column chromatography (Fig. 3a) . Fraction V was rechromatographed with almost the same elution system but with a smaller column (Fig. 3b) .
Each glycopeptide fraction (fractions I-V) was Hydrolysis time (h) Fig. 2 . Release of neutral sugars from the unfractionated glycopeptide as a function of hydrolysis time. Samples were hydrolysed in 0.5m-H2SO4 on a boiling-water bath for the times indicated. Hydrolysates were deionized and neutral sugar content of the hydrolysate was determined by g.l.c. The homogeneity of the fractionated glycopeptides was examined by paper electrophoresis. Fig. 4(a) shows that all except fraction V were heterogeneous. It was noteworthy that there are two distinct types with respect to net charge: at molar ratios to aspartic acid or fucose is given in Table 3 . The carbohydrate composition offraction I was particularly characteristic because it contains little sialic acid, fucose and galactose. Fraction III also contained little sialic acid. Because the glycopeptides other than fraction V were not homogeneous on paper electrophoresis, further fractionation of fractions I-III was carried out.
.Further fractionation of fraction II by DEAESephadex A-25 column chromatography. As fraction II contained sialic acid, a neutral pH was suitable for fractionation. Rechromatography on DEAESephadex was then carried out. Fig. 5 shows that a very broad but single peak was present. This was divided into two fractions, which were designated fraction II-1 and fraction II-2. The recovery by chromatography was more than 80%.
Furtherfractionation offraction I andfraction III Fig.  4(b) . Fraction II-1 and fraction II-2, which had been fractionated on DEAE-Sephadex A-25, were still heterogeneous. However, fraction I-1, fraction III-1 and fraction III-2 were homogeneous and fraction 1-2 showed only two spots, and these glycopeptides were separated by SE-Sephadex column chromatography. Therefore, fractionation on SE- Electrophoresis was carried out in pyridine-acetic acid-water, pH3.6 (1:10:89, by vol.) for 2h at a potential gradient of35 V/cm on Toyo no. 51 A filter paper. Glycopeptides were located by ninhydrin spray and periodatebenzidine spray (Gordon, Thornburg & Werum, 1956 All of the fractionated glycopeptides had similar amino acid compositions and contained only a limited number of amino acids. Among them, aspartic acid was the only amino acid that occurred as one residue or more in each glycopeptide.
Fraction 1-1 had only trace amounts of amino acids. This was probably due to cleaving of the carbohydrate-peptide bond by Pronase. Similar results have been observed with a,-acid glycoprotein (Eylar, 1962) , fetuin (Spiro, 1962) and human thyroglobulin (Arima, Spiro & Spiro, 1970) in which the carbohydrate-peptide bonds are thought to be glycosylamine linkages.
It may be deduced from the results in Table 4 that purified glycopeptides are grouped into two types with respect to carbohydrate units. One of these is relatively simple, and contains glucoswnine and mannose, and little or no other sugars. The other is a more complex heterosaccharide and contains sialic acids, fucose, and galactose in addition to glucosamine and mannose.
Nature of linkage between carbohydrate and protein. Unfractionated glycopeptide and fractionated glycopeptides contained threonine and serine in addition to aspartic acid. Recoveries of threonine and serine were quantitative after mild alkali treatment (0.5M-sodium hydroxide at 4°C for 20h), so that O-glycosidic linkages involving these amino acids may be absent, but it is important to emphasize that not all linkages of this general type would be split under the conditions employed (see, for example, Derevitskaya, Vatina & Kochetkov, 1967) .
A substance that behaved chromatographically like 2-acetamido-1-N-4'-L-aspartyl-2-deoxy-R-Dglucopyranosylamine on the amino acid analyser was present in acid hydrolysates (2M-hydrochloric acid; 100°C; 20min) of the glycopeptide (Wagh, Bornstein & Winzler, 1969 (Spiro, 1965) . The two different in component sugars, molec hyroglobulin and behaviour on paper electrophoresis (see Table   Hetero -5).
scHarider-The present work also indicates that carbohydrate unit (uetB) (Spiro, 1962) and acl-acid glycoprotein (Yamauchi et al. 1968) .
The heterogeneity of unit B may be due in part to peripheral residues, particularly to the attachment of sialic acid and amino acids. of glycoSince fractions II, IV, V, 30% of fraction III, een difficult and most of 'other fractions' were of unit B type, ptide. The and fraction I together with 70% of fraction III omogeneous were of unit A type, about 40% of the mannose in from thyro-porcine thyroglobulin is present in carbohydrate This could unit B and this would represent about 37 residues/ ear-gradient mol of thyroglobulin, based on the molecular weight chromato-(670000) (Edelhoch, 1960) and the mannose content natography. (2.47%) of thyroglobulin. It may be calculated matography that there are 8-11 units of carbohydrate unit A and 12-13 units of carbohydrate B per molecule of n of glyco-pig thyroglobulin, similar to the numbers of each two distinct present in the calf protein (Spiro, 1965) . Lt in porcine
Altogether there are more than 20 different points ,rlier for the in the peptide chain at which carbohydrate units types are are attached. Amino acid compositions of fracular weight tionated glycopeptides were similar to each other Vol. 123 413 and only a limited number of amino acids, particularly aspartic acid, threonine and serine, were found except in fraction IV. The apparent existence of a small amount of galactose and fucose in fraction I-1 and fraction I-2 remains to be explained. It is not yet possible to decide whether they are due to contamination by a heterosaccharide unit or, more significantly, by intermediates between unit A and unit B.
The existence of two types as found in this study has also been observed in glycopeptides from rat liver (Li, Li & Shetlar, 1968) , from liver microsomes (Miyajima, Kawasaki & Yamashina, 1969) and from coat membrane of Sindbis virus (Burge & Strauss, 1970) . It may not be unreasonable to propose that the two types of polysaccharide chains as found in this study are widely distributed in glycoproteins.
